In spring 2002, an atmospheric measurement site was established at the peak of Whistler 12
CO respectively. In summers 2002-2006, higher CO and O 3 mixing ratios were almost always 1 observed in North American air masses and this relative enhancement co-varied for each year 2 with the western US and Canada total wildfire area. The greatest enhancements in O 3 Factors affecting lower tropospheric ozone are important for the development of policies for local 8 and regional pollution control as well as for evaluating the effectiveness of these controls. Ozone 9 is both a constituent of smog and a greenhouse gas, and it plays a role in controlling the oxidizing 10 capacity of the troposphere. Tropospheric ozone (O 3 ) is formed primarily by the oxidation of 11 carbon monoxide (CO) and non-methane hydrocarbons (NMHCs) in the presence of nitrogen 12 oxides (NOx). Emissions of ozone precursors are from both anthropogenic and biogenic sources. 13 NMHCs are emitted from vegetation, fossil fuel combustion, and manufacturing; major sources 14 of NOx include fossil fuel burning, lightning, emissions from the biosphere, and stratospheric 15 injections. Biomass burning is also a significant source of CO, NMHCs and NOx (Crutzen and 16 Andreae 1990 ; Galanter et al., 2000; Simpson et al., 2011) and during the boreal fire season has 17 been shown to influence regional ozone in North America (Wotawa and Trainer, 2000 ; McKeen 18 et al., 2002) . 19 On the west coast of North America, the contribution to regional ozone of trans-Pacific 20 transported ozone and its precursors also needs to be considered. Over the past two decades, 21 observational and modelling studies have shown that particle and trace gas concentrations 22 throughout the northern hemisphere are influenced by intercontinental and hemispheric transport. cluster analysis and also found a significant upward trend in background ozone along the west 19 coast of North America. Similar trends have been identified in free tropospheric measurements 20 through a comprehensive integration of data from multiple years and west coast studies (Cooper 21 et al., 2010) . Reasons for these trends are unclear and several possibilities have been suggested 22
including regional continental or ship emissions, biomass burning and trans-Pacific transport 23 
Relationships between O 3 and CO in North America over multiple years have mostly been made 25
at ground-level sites (e.g. Parrish et al., 1998) . Although transport of pollutants is observed at 26 ground-level sites, significant transport occurs in the free troposphere and therefore, the 27 frequency of observable transport events should increase at a high elevation site (VanCuren and 28 Cahill, 2002) . In addition, measurements in the free troposphere, largely unaffected by local 29 emissions, are valuable to understand the regional and long-range emission and transport 30 7 than-average temperatures during the autumn. The predominant wind direction is westerly to 1 southwesterly with gusts reaching 150 km/h during winter storms. that the site was in cloud at each hour of the day ranged from 8-20% for entirely cloud covered to 7 15-40% for greater than 10 min out of an hour. Cloud coverage increased from morning to 8 afternoon with a decrease again at approximately 1600 (PST). 9
Several approaches have been used to separate boundary layer from free troposphere influenced Whistler Peak temperature data were supplemented by temperature data from the Environment 17
Canada National Archives Climate Database, and additional temperature records from two 18 temporary sensors (MadgeTech, Temp101) to provide temperature measurements at 300 m 19 vertical intervals up the mountain. The calculated temperature lapse rates from 1000 m to 2182 20 m were compared to the dry and wet adiabatic lapse rates to determine if the air mass was 21 unstable, conditionally unstable, or stable with the assumption that the air mass was mixed under 22 unstable conditions. A value of 1-3 was assigned to each hour based on the stability calculations 23 (1=unstable; 2=conditionally unstable; 3=stable), to estimate of the timing of the transition from 24 stable to unstable conditions. Figure 1 layer and free troposphere below the peak while the afternoon profiles most often showed a 7 mixed boundary layer up to 3 km. 8
Trace Gases 9

Influence of Boundary Layer or free troposphere 10
The extent of the boundary layer influence is considered next by examination of the diurnal 11 cycles in O 3 , CO, and water vapour as a function of season ( Figure 2 ). (Note that although the 12 absolute values differ among the seasons, the ranges are consistent in all four panels). In winter 13 This decrease in ozone is coincident with increases in water vapour and CO, both indicative of 23 the boundary layer influence. At lower elevations in the nocturnal boundary layer, ozone may be 24 lost through titration with NO or also through deposition processes. When mixing begins in the 25 morning, the Peak first sees the effects of nighttime ozone loss but then by mid-day ozone begins 26 to rise as mixing continues and ozone may be mixed down from higher elevations to the Peak. photochemically-produced ozone and is coincident with a secondary CO peak. CO is not only a 1 good tracer for pollution and biomass burning, it also increases as a result of the oxidation of 2 biogenic NMHCs (e.g. Hudman et al., 2008; Slowik et al., 2010) which may contribute to this 3 secondary peak. In summer, the average maximum diurnal changes in CO and O 3 during JJA are 4 6 ppbv and is 3.5 ppbv respectively (Fig 2b) . The spring (Fig 2c) and fall (Fig 2d) To minimize the impact of the boundary layer chemistry on calculating averages for the free 10 troposphere, the monthly mixing ratios are calculated from nighttime data only (2000-0800 11
Pacific Standard Time). It is noted, however, that 81% of the averages showed differences of less 12 than 1% between all hours and nighttime only; the largest difference in monthly averages 13 calculated with all data and nighttime only data was 2. agree well between the two sites and the sonde data also show a decrease in ozone from spring 25 into summer but this decrease is less than that observed at Whistler. The variability in data from 26 these weekly sondes is high but in August 2006, daily sondes were flown late afternoon and the 27 mean O 3 for 700-800 hPa is 8 ppbv higher than at Whistler. Future investigation of vertical 28 profiles through the ozonesonde intensive sampling periods will provide additional insight into 29 the spring-summer differences in ozone mixing ratios. shoulder mode in 2004 is related to air masses influenced by biomass burning and is also 7 reflected in the distributions of CO (Fig 4b) . 8
Carbon Monoxide 9
Monthly averages of nighttime-only carbon monoxide are shown in Fig 3b. On average, CO 10 ranged from 100 to 200 ppbv, exhibiting a strong seasonal cycle with the maximum value in 11 springtime and minimum in summer. There is a higher degree of variability in summer than 12 winter (the standard deviation for winter data is 14-19 ppbv and for Jun-Aug is 16-27 ppbv) 13 resulting from increased regional emission sources during summer and an increase of boundary The seasonal cycle in CO has been well documented Novelli et al., 2003) 20 and is attributed to a combination of photochemistry and transport. It is characterized by a slow 21 increase in CO throughout the fall and winter followed by a rapid decline in springtime as OH there is no significant difference between O 3 in t-P or NA air masses in 2002-2005 (i.e. no 1 significant difference and each 0-6 ppbv higher than background (Fig 9a) ). In 2006, the t-P air 2 masses averaged approximately 6 ppbv above the background whereas the NA boxes were lower 3 than background by 9 ppbv. Background values may be overestimated for this year resulting in 4 this negative O 3 (NA) and a lower background would result also in increased O 3 (tP). However, because the entire CO distribution was shifted higher in 2003, the incremental 26 differences in average NA CO above the defined background mixing ratios ( Table 2) 
Relationship between Ozone and CO 23
The relationship between O 3 and CO has been examined at various background sites to estimate 24 the degree of photochemical ozone production in the atmosphere (e. Yukon and California. 9
During Aug 9-12 (Fig 12a) , CO and O 3 are anti correlated with a slope of -0.14 (R 2 = 0.66); for 10 August 14-17 (not shown), the period of maximum CO (440 ppbv), there is a slight positive slope 11 (0.07) although the correlation is weak (R 2 =0. 19 ). Figure 12 also shows 750 hPa back 12 trajectories superimposed on analyzed smoke fields from the NOAA Hazard Mapping System 13 Fire Analysis. In the Aug 9-12 period, the site still appears to be in smoke. For the next period 14 (Aug 24 0300 -Aug 27 2000), the air mass was coming from Alaska but the area directly over 15
Whistler appears free of smoke (Fig 12b) . In this period, O 3 and CO were positively correlated 16 (slope of 0.29, R 2 = 0.53). 17
The final example (Fig 12c) winter. In summertime, these slopes range from 0.21 to 0.62 with the lowest slope in 2005. 5
Correlation coefficients were lower than those reported by Parrish et al., 1998 presumably 6 because of the varying influence of regional forest fires and natural sources during summers at 7
Whistler. The enhancement in O 3 relative to CO was estimated for May -September by 8 calculating the average CO and O 3 above monthly background levels. For months when CO 9 exceeded 10 ppbv, the enhancement ratios ranged from about 0.2 to 0.6 ppbv/ppbv. 10
Relationships between O 3 and CO from individual summer periods from 2003-2006, all 11
influenced by biomass burning, showed a range of slopes from less than zero to 0.4. 12
The data show the importance of North American biomass burning on both the CO and O 3 13 mixing ratios measured at this lower free-troposphere site. Although trans-Pacific transport plays 14 a role during winter through spring, it is biomass burning that appears most important during 15 summer in contributing to periods of elevated ozone above the hemispheric baseline. This 16 important source needs to be carefully considered in the development and evaluation of ozone 17 mitigation strategies for Canada's west coast. 18
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